Introduction
Because the cycle is initially dependent upon spontaneous mutation, it is prone to failure 83 (but lines can also fail through production of fragile mats). Lineages that fail are 84 removed, thus allowing extant types to export their success to new microcosms in 85 precisely the same way as a mat that falls from a reed provides opportunity for competing 86 mats to export their reproductive success. The non-sticky motile cells act as dispersing 87 agents analogous to a germ-line. The mat itself serves both an ecological role by ensuring 88 access to oxygen, while also producing seeds for the next generation of mats. In this 89 regard, the mat, in the absence of non-sticky dispersing cells is analogous to soma (and an 90 evolutionary dead-end). 
104
After ten life cycle generations, mats propagated under the two-phase life cycle regime 105 evolved -in one lineage -a simple genetic switch that reliably transitioned successive 106 life cycle phases, but more striking was the overall impact of the longer timescale (the 107 nine-day time required for doubling of mats) on the shorter timescale (the hourly 108 doubling of cells). Selection over the long timescale caused the fitness of mats to 109 increase (as determined by the relative ability of mats to give rise to offspring mats), 110 while fitness of the individual cells comprising mats declined (when measured relative to 111 ancestral types). This can be understood in terms of selection over the longer timescale 112 trumping the effects of individual cell selection: over the long-term, successful cells are 113 those whose fitness aligns with the longer timescale defined by the longevity of the 114 nascent multicellular organism (Bourrat, 2015; Black et al. 2020) . Such an alignment of 115 reproductive fates during the transition from cells to multicellular organisms has been 116 referred to as "fitness decoupling" (Michod and Roze 1999) -a term that captures the 117 sense that when selection comes to act over the longer timescale, fitness of the lower 118 level particles "decouples" from that of the higher level collective. 119 120 Included in the experiment was a second treatment where mats evolved with a life cycle 121 involving just a single phase: mats gave rise to mat-offspring via a single sticky mat-122 forming cell. After ten life cycle generations mat fitness improved, but there was no 123 evidence of fitness decoupling: enhanced fitness of mats was readily explained by 124 enhanced fitness of individual cells (Hammerschmidt et al. 2014) . the dispersal phase of a two-stage life cycle leads selection to favour traits that promote 151 cell growth at the expense of traits underlying group fitness. This conflict between the 152 two levels of selection is due to a tradeoff between traits underlying the fitness of groups 153 and the constituent cells, and is supported by findings derived from a mathematical 154 model. While the existence of a germ line can bring about the decoupling of fitness 155 required to achieve a higher level of individuality, intense competition between propagule 156 cells skews selection towards traits that enhance the competitive ability of cells, rather 157 than towards traits that enhance group function to which the life cycle is integral. 158
159

Results and Discussion
160
We begin with a brief description of the contrasting Non-Mixed Ecology and Mixed 161
Propagule Ecology life-cycle regimes. Each generation began with a single WS cell, 162 which through cell-level replication formed a mat at the air-liquid interface (Maturation 163 Phase in Figure 1a ). For a mat to reproduce it was required to be both viable and fecund, 164 that is, it had to produce SM propagule cells. In both ecological scenarios, competition 165 between groups arose from a death-birth process: following an extinction event, a groupwas randomly replaced by a surviving competitor group. Extinction/replacement of 167 groups occurred with high frequency (usually due to the lack of SM production 168 (Hammerschmidt et al. 2014 )), and therefore imposed potent between-group selection. 169
170
The two experimental treatments differed solely in manipulation of the Dispersal Phase 171 of the life cycle (Figure 1b and 1c) . In the Non-Mixed Ecology, SM cells were harvested 172 separately from each surviving group at the end of the Maturation Phase. By contrast, in 173 the Mixed Propagule Ecology, SM cells were harvested from all groups that survived the 174 Maturation Phase. These SM cells (from separate microcosms) were then pooled. The 175 pooled mixture was then used to seed all eight groups in the Dispersal Phase. In both 176 ecologies, SM propagule cells competed during the Dispersal Phase to produce WS types, 177
and ultimately for mat formation. At the end of the Dispersal Phase, one colony of the 178 most dominant WS type occurring in each microcosm was transferred to a fresh 179 microcosm to begin the Maturation Phase of the next 'mat' generation (Hammerschmidt 180 et al. 2014 ). Importantly, this step was performed for both treatments to ensure that all 181 mats at the start of each new generation were seeded from a single cell. 
288
Changes in life cycle parameters 289
To identify traits contributing to differences in fitness between lineages subject to the 290 non-mixed and mixed ecologies, we measured properties of WS mat and SM propagule 291 
310
** denotes significance at the level of P = 0.001 --0.01, and *** at the level of P <0.001.
312
Understanding the connection between these data and the effects of selection wrought by 313 the two contrasting ecologies is complex. A starting point is to recognise that under both 314 treatment regimens the primary determinant of success is ability of lineages to generate 315 propagules shifts the emphasis of selection from a developmental programme (capacity to 331 transition through phases of the life cycle), toward density of WS cells (Fig. 4d) . 332
Moreover, the fact that under the Mixed Propagule Ecology, transition rate improved 333 only marginally after 10 life cycle generations, whereas WS density significantly 334 increased, points at a tradeoff between WS density -and by extension WS growth rate -335 and ability to transition through phases of the life cycle. 336 337
Identification of traits linked to group and cell fitness 338
The fact that the WS-SM cell transition rate was the only measured parameter to increase 339 in the Non-Mixed Ecology led us to recognise that the WS-SM transition rate is 340 associated with group fitness (Figures 5a -c) . 
360
Tradeoff between WS-SM cell transition rate and WS density 361 A negative relationship (tradeoff) exists between WS Density (which is linked to cell 362 fitness) and WS-SM transition rate (which is linked to group fitness) in the ancestral 363 population (r=-0.705, P=0.003, N=15; Figure 6a ). The nature of the association explains 364 both the negative relationship between the two levels of fitness observed above (Figure  365 3), and the opposing direction of selection in the two ecologies. While cells were required 366 Propagule Ecology (i.e., high WS-SM transition rate), only to be extinguished during the 445 Dispersal Phase, due to a low competitive ability resulting from reduced WS density. The 446 red box highlights the conflict between the effects of selection on the two incompatible 447 traits involved in the two phases of the life cycle. This is further illustrated in Figure 9 . 448 449 
Methods
586
Experimental regime 587
The Non-Mixed Ecology treatment has been previously published in a study that 588 compared its effect relative to a life cycle without reproductive specialisation 589 
Fitness assay 615
Cell-level and group-level fitness were assayed after ten life cycle generations: 15 616 representative clones (one per replicate population) were generated from each of the 617 evolved treatments, in addition to 15 ancestral WS lines (each independently isolated 618 from the earliest mats to emerge from the ancestral SM strain SBW25) (as described in 619 detail in (Hammerschmidt et al. 2014 ). Three replicate competition assays were 620 performed for one group generation against a neutrally marked ancestral competitor 621 
